Comparative measurements were performed by the whole body counter equipped in the University of Tokyo with regard to the 137Cs body burdens of 88 Japanese male low-teens in Akita and Tokyo. In spite of the heavy fall-out level in Akita, the mean 137Cs body burden was significantly lower than that in Tokyo where the fall-out deposition was about the half. The major cause of the difference in the body burdens was considered to be the difference in the daily milk consumption volumes in both groups which was disclosed from the results of interview with each subject. The 137Cs content showed very low correlation with potassium content in each group. The fact proposed an important question concerning the effectiveness of the concept of "cesium unit" for describing the level of internal contamination in man.
INTRODUCTION
In Akita Prefecture which is located on the northern part of the Japan Sea Coast, the fall-out level of 137Cs is the highest in Japan, and it is about twice as high as that in Tokyo."
Since 1967, the authors have carried out a series of investigations with our col laborators including the determination of 137Cs and 40K body burdens of about 2,000 normal Japanese in Tokyo area.'," Through our studies, we came to be interested to examine the hypothesis that the body burden of 137Cs in Akita might also be higher than that in Tokyo, although there could be a complicated relation between the fall-out level and the body burden.
SUBJECTS AND METHODS
The subjects were 12-14-yr-old normal male students of two junior high schools, 38 from central part in Tokyo and 50 from a small rural town in Akita.
The major reasons why the junior high school students were subjected for the study are that they are well organized in school and that they have enough time to spare for our program simultaneously and in a short period of time during their summer vacation.
In order to detect the probable difference between the two groups more sensi tively, the weight and height of the subjects were required to be within the normal range of Japanese students of these ages," and to have been living in each area more than last three years.
The measurements of the 137Cs and 40K body burdens were carried out during the last ten days of July, 1968, with the whole body counter equipped in the Research Center for Nuclear Science and Technology, University of Tokyo." The counting system had four units of plastic scintillator connected to the pulse height analyser with two channels which correspond to the photon energies of "'Cs and 40K. Three human-shaped phantoms were used; the water phantom for background counting, the cesium and the potassium phantoms as reference sources.
They were designed to have the average Japanese values of height and weight for the age of the subjects group. The counting time was 10 minutes for each measurement.
In addition to several anthropometries of the body height, body weight, skin-fold thickness, etc., we had an interview with each subject according to the questionnaire abstracted in Table 1 to obtain the necessary informations concerning the early history, dietary habit and drinking water supply.
The triceps and subscapular skin-folds were measured with a caliper developed by the Japanese National Institute of Nutrition."
The regression equation (1) below was used for predicting the body density D(g/cm3) for 12-14-yr-old Japanese from the sum of the triceps and subscapular skin-folds S(mm).7' Fat content F(%) and lean body mass LBM(kg) were estimated by the following equations (2) 
where BW is the body weight (kg). Table 1 Abstracts of questionnaire
RESULTS
Comparative Studies between the Groups Results are shown in Table 2 .
(1) Cesium-137 The obtained data of "'Cs content in both groups proved to conform better to the log-normal distribution than to the normal one. There was no significant dif ference in the variances, but the mean 137Cs level was, unexpectedly, higher in Tokyo group at 5% significance level.
As to the cesium concentrations (137Cs/BW and 137Cs/LBM), the conformity of the normal or log-normal distribution was about the same extent . The variances had no significant difference between both groups, but the mean levels were higher in Tokyo at 5% significance level.
(2) Potassium The distribution of potassium body content seemed to conform better to the log normality, which was the same trend as observed in the case of "'Cs content . The difference in the variances was not significant, but the mean potassium level was higher in Akita group than in Tokyo group at 5% significance level .
(3) 137Cs/Potassium The 137Cs concentrations expressed in cesium unit were calculated and compared . Normality or log-normality of the distribution was about the same in both groups, and no significant difference was apparent in the variances . But the t-test strongly suggested that the mean concentration level was higher in Tokyo group even at 11% significance level. Notes: (1) Symbols "+" and "-" correspond to "significant" and "not-significant" , respectively.
(2) The significance of differences in mean potassium, height and weight was tested by Welch's method because variances were significantly different . 
Analyses Based on the Results of Interview
(1) Milk Consumption Milk consumption volume was significantly greater in Tokyo group than in Akita group. Tokyo : The mean 137Cs content and concentrations were higher in the more milk drinking group (2 bottles/day or more. 1 bottle contains 180 ml.) than in the less milk drinking group (1 bottle/day or less), although the difference was insignificant. Akita: The mean 137Cs content and concentrations were significantly higher (P< 0.05) in the more milk drinking group (1 bottle/day or more) than in the less milk drinking group (less than 1 bottle/day).
Tokyo and Akita : Figure 2 shows means and standard deviations of 137Cs con tents of four groups classified by the daily milk consumption volume. It indicates that the more the milk consumption, the higher the 117 Cs body burden.
(2) Meat or fish In Tokyo, the subjects who replied "meat"
to the question (6) in Table 1 were significantly more in number than those who replied " fish ", and the reverse was the case in Akita.
Tokyo : No significant differences were found between the meat group and the fish group. Akita: 137Cs content and its concentrations in the fish group were significantly higher than those in the meat group at 5% level.
(3) Drinking water Tokyo: There was only one case who used well water, so comparisons were impossible in all items between city water users and well water users. Akita : There were no significant differences between the two groups in any items.
(4) Staple food Tokyo and Akita: All subjects took rice as a staple food. So, classification, then comparison were not possible.
(5) Fresh-water fish consumption Tokyo and Akita: There were no significant differences in all items between the two groups classified by the fresh-water fish consumption frequency, which was not significantly different in both groups according to the X2-test.
(6) Seaweed consumption Tokyo and Akita: No significant differences were observed in any items between the two groups categorized by the seaweed consumption frequency which was proved not to be significantly different in both groups by X2-test.
(7) Occupation of parents Tokyo : There were many kinds of occupations, so proper classification for com parison was impossible.
Akita : No significant 'differences were observed in all items between the farmer group and the other. Correlations between 137Cs and the other variables The 117 Cs body burden in both groups proved to have low correlation coefficients with any of the variables including body weight, lean body mass and potassium content. The observed coefficients were not high enough to reject the null-hypothesis : r= 0.
As could be expected from the above fact, the 137Cs content showed high cor relation with the "'Cs concentration (137Cs/BW, 137Cs/LBM or 132Cs/K).
DISCUSSION
Contrary to our expectation, it was shown that the body burden of 137Cs was less in Akita than that in Tokyo, whereas the fall-out level was higher in Akita than that in Tokyo. But it is well known that there exist various pathways through which the nuclides in the environment are transferred to man, and the level of the fall-out is not the only one factor that determines the level of the body burden.
In the present study, it became evident that "'Cs had transferred only a little to the subjects from the environment through the food chains or any other pathways. Although the level of internal deposition of the nuclide was quite low, it should be remembered that the external exposure from the fall-out 137Cs was not negligible from the viewpoint of population dose.
The 137 Cs body burdens in both groups must have been resulted from a number of food items with different percentages of contribution. Some kinds of food may have a higher contribution in Tokyo, while others may have in Akita. By interviewing, the informations became available as to the kind of animal protein which the subjects took most, but those informations were not enough to disclose quantitatively the influences of meat and fish consumptions upon the body burden.
Here in this paper, the authors discuss in detail the effects of milk con sumption upon the 137Cs body burden focusing on the difference in the mean levels in both groups.
It was obvious that the milk consumption is one of the important factors as to the difference of the mean body burden of 137Cs.9'10' In both groups, the volume of the milk consumption was the common factor ruling the body burden, and the difference in milk consumption between the two groups seems to correspond to the difference in the mean 137 Cs content in each group.
From the answers of the questionnaire, the milk consumption volume was ap proximately estimated to be 240 ml/day in Tokyo group and 120 ml/day in Akita group.
According to the radiochemical analyses, the 137Cs concentration in milk in Akita was not substantially different from that in other urban areas in Japan. The level of 137 Cs was about 100 pCi/l in July 1964, which almost exponentially If V is substituted by the actual volume difference of monthly milk consumption in both groups, we get 0.20 nCi which is the theoreti cally estimated difference in 137Cs body burdens in both groups.
Of course, the ef fective half-life for low-teens could be a little shorter than that for adults , and the "'Cs concentrations and daily consumption volumes of milk might vary widely.
Nevertheless, the authors consider that the theoretical difference (0 .20 nCi) is sug gestive to an extent as a tentative interpretation of the observed difference (0.29 nCi). The statistical test proved that the null-hypothesis (Ho : the difference in mean 13 TS contents in both groups=the theoretically estimated difference) could not be rejected in this case, and the same was also the case for the observed differences between four groups shown in Fig. 2 .
Almost all of foods consumed in Tokyo are produced in all districts of Japan or imported from abroad, and it is not easy to trace the various food chains through which the nuclides are transferred.
The amounts of many kinds of food consumed in both areas are quite different, and the difference in dietary habits between the two groups seems to be important.
In this study, we found that the drinking of milk was one of the important factors contributing the body burden of 137Cs . But milk is not only consumed by drinking after pasteurization, but also used in the processed or cooked forms in many ways. In the period under consideration , about 60°0 of the total milk produced in Japan was consumed for drinking, and 36°0 was consumed after processing as the products such as cheese, butter, powdered milk , ice-cream and so on. 131 Therefore the ratio of milk which contributes the 137 Cs body burden must be greater than the value estimated above. Further investigations are necessary to reveal the whole aspects of the 137Cs transferring and accumulation from the en vironment.
The fact that the 137Cs body burden showed quite low correlation with body potassium content in each group as shown in Table 3 yielded a doubt about the effeztiveness of the basic concept of "cesium unit". The quantity 137Cs/K has often been used when comparisons were necessary as to the 137 Cs contamination levels in the different parts of the world. But it is meaningful that the data observed among the inhabitants under the similar living condition did not reject the null-hypothesis . This seems to deny the possibility that the 137Cs level in man expressed in cesium unit can be more fruitful than those expressed in 137Cs/BW, 137Cs/LBM, etc. There fore, careful attentions should be paid on the use of cesium unit as an indicator of the 137Cs body burden. 
